Abstract: This study investigates the chronology of paleostress evolution and faulting in the northern part of the Central Western Carpathians (Spišská Magura and Východné Tatry Mts). Paleostress analysis of brittle and semibrittle structures of the Eocene-Oligocene succession of the Central Carpathian Paleogene Basin (CCPB) supplemented by measurements in the Triassic sequence of the Krížna Nappe, revealed the existence of six tectonic regimes during the Cenozoic. Orientation of the paleostress field before the deposition of the CCPB was characterized by the E-W oriented compression. After this compression, the paleostress field rotated approximately 40-50°, and NW-SE directed compression took place in the Early Miocene. During the latest Early Miocene, the extensional tectonic regime with fluctuation of σ 3 orientation between NW-SE to NE-SW dominated. The Late Badenian-Pannonian is characterized by a new compressive to strike-slip tectonic regime during which the principal maximum stress axis σ 1 progressively rotated from a NW-SE to a NE-SW position. Uplift and tilting of the Tatra Massif took place during this stage. The neotectonic stage (Pliocene to Holocene) is characterized by extensional tectonic regime with the two directions of tension. The first one is oriented in the E-W direction and could be considered older and the second one, NNW-SSE tension is considered to be Late Pliocene to Quaternary in age. In general, orientation of the stress fields shows an apparent clockwise rotation from the Oligocene to Quaternary times. This general clockwise rotation of the Oligocene to Quaternary paleostress fields could be explained by both the effect of the counter-clockwise rotation of the ALCAPA microplate and by the regional stress field changes.
Introduction
The Spišská Magura Mts -are situated in the northern part of the Central Western Carpathians (CWC, Fig. 1 ). They are surrounded by the Východné Tatry Mts and Levočské vrchy Mts in the south, by the Pieniny Klippen Belt in the northeast and the Podhale Basin in the west. The studied area consists predominantly of the Eocene to lowermost Miocene sedimentary succession of the Central Carpathian Paleogene Basin (CCPB).
The tectonic evolution of the northern part of the Central Western Carpathians and its surroundings has been reconstructed using data from over 350 fault slips, 90 fold axes and 200 tension gashes. The collected data have been used to determine paleostress field orientation and evolution. The majority of studied outcrops are in the bedrock exposures along the Biela Voda, Javorinka and Biela rivers and their tributaries. Eocene to Oligocene rocks of the CCPB in this area are faulted, fractured and folded. Most fault surfaces contain one or more sets of striae produced during different deformation episodes. The superposition of striae was useful for the separation of faults into the homogeneous groups. The investigated area offers quite a good opportunity to study brittle deformation and to attempt the determination of the states of stress associated with the faulting and folding.
A normal dip-slip movement along fault zones of the mountain front and related folding of Paleogene sedimentary sequences during the Neogene was a common view of geologists in the last century (Gross 1973; Gross et al. 1980; Mahe 1986 ). However, new research into the Cenozoic tectonics in the Central Western Carpathians pointed out the importance of strikeslip and oblique-slip faulting developed during transpressional and transtensional tectonic regimes. During these tectonic regimes, varied tectonic structures (faults, folds, extensional veins, stylolites etc.) have been recorded in the host rocks.
The purpose of this paper is (a) to describe the regional and local geological settings, fault-slip and fold measurements and determinations that were made, (b) to summarize the results of fault and fold measurements and their kinematic determinations, and (c) to present the results of dynamic analysis oriented predominantly to the paleostress field determination by a simple geometric analysis based on the assumption of Bott (1959) and testing for rupture and friction laws; shear stress vs. normal stress (Angelier 1979 (Angelier , 1994 . This paper summarizes knowledge concerning the direction and distribution of paleostress axes determined from fault-slip data, fold, tension gashes and relationships of mesostructures observed in the field. However, we are dealing neither with a detailed kinematic interpretation of the stress-induced deformation, nor with the magnitudes of the stress tensor parameters.
Reconstruction of Cenozoic paleostress fields and revised tectonic history in the northern part of the Central Western Carpathians
(the Spišská Magura and Východné Tatry Mountains)
Fig. 1.
Simplified tectonic map of the Spišská Magura Mts and the Podhale Synclinorium (according to Mastella 1975; Sliva 2005; Janočko et al. 2000a; Kępińska 1997; modified) .
. Its sedimentary succession is predominantly composed of deep-marine siliciclastic sediments several hundred meters to several kilometers thick (Soták et al. 2001 ). The CCPB is interpreted as a forearc basin situated behind the Outer Carpathians accretionary wedge (Royden & Báldi 1988; Tari et al. 1993; Kázmér et al. 2003) . The basement and the southern boundary of the CCPB is composed of the Central Carpathian units, and its northern boundary is the Pieniny Klippen Belt (Fig. 1) , which represents a transpressional strike-slip zone related to a microplate boundary (Balla 1984; Csontos et al. 1992; Plašienka 1999) . The inverted Paleogene basin of the Spišská Magura Mts is situated between the Tatra Mts and the Pieniny Klippen Belt. In the east, it is bounded by the Ružbachy fault and by the Mesozoic complexes of the Ružbachy Massif and in the west it gradually passes into the Podhale Basin (Figs. 1, 2) . The Paleogene complex of the Spišská Magura Mts is a part of the CCPB and is formed by the Borové Formation, Huty Formation and Zuberec Formation (Marschalko & Radomski 1970; Gross et al. 1984; Janočko & Jacko 1999; Janočko et al. 2000a,b) . The sedimentary deposits of the lower part of the Huty Formation in the Spišská Magura Mts are atypical and this formation can be considered to be coeval with the Šambron (Szaflary) Member developed in northern part of the Polish Podhale Basin (Watycha 1959; Westwalewicz & Mogilska 1986; Gedl 2000; Soták et al. 2001 ). This member can be related to global cooling and fall of the sea level (Janočko & Jacko 1999; Soták et al. 2001) .
The hinge zone of the Podhale Synclinorium is composed of the Brzegi Member which is considered to be a distal facies of the Biely Potok Formation (Fig. 2; Watycha 1959; Gedl 2000; Sliva 2005 ). The sediments are Bartonian to Early Miocene in age (Olszewska & Wieczorek 1998; Gedl 2000) .
Methods

Fault-slip and paleostress analysis
Faults and striae on the fault surfaces are very often present in rock masses and therefore kinematic and dynamic analysis of fault-slip data is a very popular tool for reconstruction of the paleostress fields. Standard procedures for brittle fault-slip analysis and paleostress reconstruction are now well established (Etchecopar et al. 1981; Michael 1984; Angelier 1990 Angelier , 1994 . In our work, the obtained data were registered into the NeotAct PostgreSQL database and were pre-processed using the LoCon software developed at the Department of Geology and Paleontology, Comenius University by Rastislav Vojtko. Later, these data were used in the Dieder and Shear modules using the TENSOR software package developed by Damien Delvaux (Delvaux 1993; . The DIEDER program is an improved version of the Right Dihedron method of Angelier & Mechler (1977) . It provides a determination of the four parameters of the reduced stress tensor and also allows a preliminary separation of the fault population into a homogeneous subset, broadly compatible with the computed stress tensor. Note that only complete fault-slip data, fault plane with slickenside lineation and known slip sense, are considered (for more details see . The SHEAR program is an inversion method which is based on the assumption of Bott (1959) that slip on a plane occurs in the direction of the maximum resolved shear stress. Fault data were inverted to obtain the four parameters of the reduced stress tensor: σ 1 (maximum principal stress axis), σ 2 (intermediate principal stress axis) and σ 3 (least principal stress axis) and the ratio of principal stress differences is expressed by the formula:
This parameter Φ defines the shape of the stress ellipsoid (Angelier 1989 (Angelier , 1994 . The interpretation of results is also discussed for two important aspects: the quality assessment in view of the World Stress Map standards (Zoback 1992; Sperner et al. 2003 ) and the numerical expression of the stress regime as Stress Regime Index for regional comparisons and mapping . In accordance with the new ranking scheme for the World Stress Map project the quality ranges from A (best) to E (worst), and is determined as a function of threshold values of a series of criteria. The stress regime can be expressed numerically using an index Φ', ranking from 0.0 to 3.0 and defined as follows (see Delvaux et al. 1997) :
Φ'=Φ where σ 1 is vertical (extensional stress regime); Φ'=2-Φ where σ 2 is vertical (strike-slip stress regime); Φ'=2+Φ where σ 3 is vertical (compressional stress regime).
Orientations of the stress axes (S H -maximum horizontal compression axis, S h -minimum horizontal compression axis, and S v vertical axis), and the stress regime (Φ'between 0-1 for extensional regime, 1-2 for strike-slip regime, and 2-3 for compressional regime) are fully described by the average S H azimuth (as defined in the World Stress Map by Müller et al. 2000) and the average stress regime index Φ' as defined above.
These methods (especially the inversion method) have some limitations which were the subject of criticism and its results were under discussion in specific situations (e.g. Dupin et al. 1993; Pollard et al. 1993; Nieto-Samaniego & Alaniz-Alvarez 1996; Twiss & Unruh 1998; Maerten 2000; Roberts & Ganas 2000) . The basic point of stress computation by the inversion method is that regional stress tensor is spatially and temporally homogeneous in the whole-rock mass. These computations are influenced generally by the three effects which can occur in palaeostress analysis: 1) effect of ratio between the width and length of a fault; 2) effect of the Earth's surface (topoeffect); 3) effect of interaction between two or more faults (for further information see Pollard et al. 1993) . These effects can misinterpret results of the paleostress analysis, but their influence is in most cases slight (Angelier 1994; Vojtko 2003) .
Geometrical analysis of folds
The analysis of fold orientation was carried out using bedding planes, fold axes and planes measured during the field investigation. The principal deformational axes show the relationship to the fold geometry. The principal strain axis (A) is parallel to the direction of the maximum elongation, the principal strain axis (C) is parallel to the shortening direction, and the principal strain axis (B) is parallel to the direction of the fold axis-axis of rotation (Ramsay 1967; Ramsay & Huber 1987; Marshak & Mitra 1988) . The orientation of principal stress axes can be detected in terms of geometry of the folds. Fold axes are generally perpendicular to the maximum principal paleostress axis σ 1 (maximum compression). Fold axes and axial planes were constructed from measured fold limbs using the π pole method with the construction of β axes at the intersection of these limbs (Michael 1984; Marshak & Mitra 1988) . Fold orientation, statistics and separation were computed and visualized with Fabric7 software application. The main principles of these methods are described in Wallbrecher (1986) .
The fold structures were analysed in relation to the sedimentary fill and they were divided into (a) synsedimentary and (b) postsedimentary folds. The majority of folds appear to be related to reverse faulting and tilting which are often present and well-developed in the study area.
Tilting and chronology
During the field research, it was found that many faultslips are affected by the tilting. The localities affected by tilting are located mainly at the foot of the Belianske Tatry Mts. The grade and direction of a rotation has been specified on the basis of bedding planes (S 0 ). For example, the bedding planes in the Blaščatská dolina Valley are S 0 14/33°. Based on this orientation, it is possible to extrapolate rotational axis which has the value ρ 104/0° with rotational angle + 33° using the equation:
A similar procedure was utilized for all sites disrupted by the tilting and allowed to separate fault structures into two groups on the basis of relation to tilting. Thus the rotated faults are older than the unrotated faults. The older faults have been divided into three homogeneous subsets and the younger faults also into three homogeneous subsets. After this procedure, it was possible to compute reduced paleostress tensors correctly (Fig. 3) .
Data
Data obtained in the field from fault-slips, folds and extensional veins were used to reconstruct paleostress evolution in the study area. Data, collected in the Paleogene and Mesozoic sedimentary sequences, provide evidence that major deformational structures of the polyphase evolution resulted from reverse, strike-slip and normal faulting during the Neogene.
Meso-scale brittle failure structures used to study the state(s) of paleostress associated with faulting were measured at 14 sites. Fault orientation measurements and slip determinations made in the field, and results of geometrical and mathematical data analyses are presented in Fig. 4 .
The fold data were measured mainly in the Eocene to Oligocene sedimentary sequences of the CCPB, less in the Krížna Nappe. The folds were used for determining the orientation of maximum shortening. Statistically, the mean trend of fold axes is 75/11° (calculated from both bedding attitudes and fold axes measurements), the data are quite robust and suggest the NNW-SSE shortening with maximal fluctuation of ±30° (  Fig. 5a , Table 1 ). The fold axial planes are mainly inclined towards the north and they are considered to be generated by the "backthrust" tectonics with a general southern vergency during the Early and predominantly Middle Miocene (D 2 and D 4 stages). The fold set is almost pervasively developed along the northern boundary of the Tatra Mts and south of the Pieniny Klippen Belt. The folds are open to close with interlimb angles from 30° to 70°. The folds are often associated with the reverse faults (Fig. 6f) .
Extension directions inferred from the total orientation pattern of extension vein walls and fibres show a preferred orientation of tension at the azimuth of 78° (Fig. 5b) , less at the azimuth of 118°. We measured extensional veins at 16 localities and their orientations were also used to estimate deformational history and state of paleostress. Characteristically, the least principal axis determined from all veins (formed throughout the deformation history) is generally perpendicular to the most frequently observed NW-SE compresional axis of the transpressional tectonic regime. Development of the NNW-SSE vein system is older or partly synchronous with re- spect to tilting, whereas the second NNE-SSW vein system is synchronous with, or postdates tilting.
Review of the Cenozoic stresses and chronology of faulting
The evolution of the orogen, the age of the principal deformational events, basin evolution and destruction, and also the relative chronology of these structures are also important preconditions of successful paleostress analysis. The separated phases in the study area were also compared to regions which have similar Oligocene to Quaternary evolution (Kováč & Hók 1996; Fodor et al. 1999; Jacko & Janočko 2000; Pešková et al. 2009 ).
Tectonic regime before and during the sedimentation of the CCPB sedimentary sequence (Late Cretaceous to Oligocene)
The oldest recorded deformational phase (D 1 ) is characterized by the E-W compression and N-S extension (Paleocenepre-Middle Eocene). This strike-slip tectonic regime was determined predominantly in the Mesozoic rocks of the Krížna Nappe (Figs. 4a, 7) where it is very common. Compressive stresses were resolved mainly by movements along WNW-ESE trending sinistral and WSW-ENE trending dextral shears. These faults are pre-and synsedimentary with respect to the CCPB, because of the similar orientation of paleostress field was seldom observed in sites located in the CCPB (Fig. 7) , where the principal compressional axis (σ 1 ) is slightly rotated (about 30°) into the WNW-ESE position.
Tectonic regimes after sedimentation of the CCPB sedimentary sequence and before tilting of the Tatra Massif (Eggenburgian to Badenian)
After deposition of the CCPB sequences, the new strike-slip to compressive deformational phase (D 2 ) characterized by NW-SE compression and NE-SW tension started in the Eggenburgian (Table 2) . This is the oldest tectonic regime which was well identified in the Oligocene sediments (Fig. 7) . The principal maximum (σ 1 ) and the least (σ 3 ) principal stress axes were subhorizontal, while the principal intermediate axis (σ 2 ) was in subvertical position. This phase is predominantly characterized by N-S oriented sinistral strikeslip and W-E oriented dextral strike-slip faults, sporadically with NE-SW trending reverse faults. Nice examples of this deformation are Zakopane -Biały Creek, Ždiar -Blaščatská dolina Valley, Tatranská Javorina -Javorinka and Jurgów localities.
The extensional tectonic regime (D 3 ) occurred at the end of this deformational phase and can be divided into two subphases. The older one is dominantly NE-SW oriented tension (D 3a ) and the second one is generally oriented in a NNW-SSE direction (D 3b ). Note that the evaluation of the subphase chronology was solved using successive fault slips where the older fault population is offset by younger faults. The NE-SW tension is poorly preserved and is considered to be the final stage of the NW-SE compression (Fig. 7) . The tension is characterized predominantly by neoformed normal and less by inherited oblique-normal faults (Fig. 6c) .
Tectonic regimes during and after tilting of the Tatra Massif (Sarmatian to Quaternary)
During the tilting of the Tatra Massif a new compressional to transpressional tectonic regime (D 4 ) occurred. Evolution of this tectonic regime is complex, but generally consists of two subphases which were tenuously dated at Sarmatian to Pannonian.
The first subphase (D 4a ) is mainly characterized by the compressional tectonic regime with orientation of the principal maximum stress axis in the NNW-SSE direction. The stress relaxed on the newly formed E-W conjugate reverse or NW-SE dextral strike-slip faults (Fig. 4d) . Fault structures activated during this subphase were observed at many places in the study area (Fig. 7, Table 2 ) and are accompanied by remarkable folds (Fig. 5a ). This deformation event occurred just before the tilting of the Tatra Massif. The conspicuous reverse faulting with SSE vergence dominates this deformational stage (Fig. 6a,b,d ) which is connected with backthrusting in the northern part of the Central Western Carpathians (e.g Plašienka et al. 1998; Marko et al. 2005; Pešková et al. 2009 ). Deformation is also characterized by widespread folding under semi-brittle to brittle conditions. Generally, the folds are open to close.
The predominantly compressional tectonic regime was continuously followed by a pure transpressional tectonic regime of the second subphase (D 4b ) which occurred during the final stage of the Tatra Massif tilting. During this N-S compression and perpendicular tension, the NNW-SEE dextral and NNE-SSW sinistral strike slip faults were activated as newly formed or inherited on weakness planes. This deformation is very conspicuous at many localities (Fig. 7 , Table 2 ).
The preceding deformational phase (D 4b ) most likely passed continuously into a transtensional tectonic regime with orientation of the principal maximum stress axis in NE-SW direction (D 5 ). During this tectonic regime, generally the N-S dextral strike-slip faults and ENE-WSW sinistral strikeslip faulting were generated. Some of them were inherited weakness planes of previous deformational phases.
Neotectonics
The youngest stage D 6 (?Pontian-Quaternary) is characterized by a weak extensional tectonic regime which can be divided into two subphases. The first one is NW-SE (D 6a ) and Table 2 ). On the left side of the table are the main geological phases which occurred in the investigated area with indices. the second one is ENE-SWS oriented tension (D 6b ) which is considered to be younger than the previous one. However, there are no direct data to prove this assumption. A Pliocene to Quaternary extensional tectonic regime was also observed in the northern part of the Orava region (Pešková et al. 2009 ). These deformation subphases have been recorded at many localities (Fig. 7) and their reduced stress tensors are described in Table 2 . Table 2 : Paleostress tensors from fault slip data. Explanations: Site -Code of locality; n -number of fault used for stress tensor determination; n T -total number of fault data measured; S1= σ σ σ σ σ 1 , S 2 = σ σ σ σ σ 2 and S 3 = σ σ σ σ σ 3 -azimuth and plunge of principal stress axes; R= Φ Φ Φ Φ Φ -stress ratio (S 2 -S 3 /S 1 -S 3 ); α α α α α-mean slip deviation (in °); Q -quality ranking scheme according to the World Stress Map Project ); R' -tensor type index as defined in the text (for further information see Delvaux et al. 1997 ).
Discussion
Fault-slip analysis and paleostress reconstruction
The tectonic structures measured in the study area reveal changes of paleostress fields during the Cenozoic Era. These changes were caused by rotation of the paleostress field, by spin rotation of crustal blocks (Márton et al. 1999) and by tilting of the Tatra Massif. It means that older deformational phases are affected by these rotations. Based on this assumption, it is possible to determine chronology of faulting in the study area.
An important result of the paleostress reconstruction was the E-W orientation of σ 1 and perpendicular σ 3 axes of the strike-slip tectonic regime (D 1 ) which has only been measured in the Mesozoic rocks of the Fatric Unit and is considered to be of Paleocene-Eocene age, because it is practically absent in the Oligocene to lowest Miocene strata. This is in accordance with the results of data measured in the Orava region (Pešková et al. 2009 ), in the Slovenské rudohorie Mts (Vojtko 2003) and also in the hinterland (southern part) of the Western Carpathians and Pannonian Basin (e.g. Fodor et al. 1992 Fodor et al. , 1999 Budai et al. 2008) . We assume that it is a former N-S compression event which was recorded and fixed in the host rocks before the Early and Middle Miocene counter-clockwise spin rotation of crustal blocks.
The tilting of the Tatra Massif had a crucial implication for the kinematic interpretation and subsequently for the timing of the paleostress stages. The tilting was most likely the result of the NNW-SSE to N-S oriented compression. The effect of tilting caused (1) the rotation of the original conjugated reverse faults into the normal faults with unordinary very low (< 5°) north dipping planes with identical types of striae (mineral accretionary steps and slickenfibers); (2) the original normal faults rotated into position of the steeply (more than 75°) north dipping reverse faults (Fig. 3) . The faulting was observed predominantly in the Blaščatská and Bachledova dolina Valleys and in the bedrock of the Biela River near the village of Ždiar. The youngest tectonic regime with the horizontal NE-SW trending σ 1 is Late Neogene in age.
Tectonic evolution during the Cenozoic Era
The Paleogene to Middle Eocene tectonic processes were controlled by approximately W-E oriented compression under compressional to transpressional tectonic regimes. Predominantly during the Eocene to Oligocene, the studied area was located on a convergent plate margin along the CWC edge. The flysch sedimentation occurred not only on the lower plate (the Magura Basin), but also on the frontal part of the overriding continental plate (CCPB). The flexure of this overriding continental plate was most likely generated by subcrustal erosion of lower crustal elements of the overriding plate that had been accreted to the upper plate during the preceding subduction period (Wagreich 1995; Kázmér et al. 2003) , and/or extensional collapse of the overthickened rear of the External Carpathian thrust wedge (Sú ov phase -Plašienka 2002; Plašienka & Jurewicz 2006) . The CCPB was formed as a marginal basin of the Paratethys. It shows a fore-arc position extended on the destructive plate margin and behind the Outer Carpathian accretionary wedge (Soták & Starek 2000; Soták et al. 2001) . The final collision of the Western Carpathian orogenic wedge with the North European Platform resulted in the closure and destruction of the Paleogene fore-arc basin above the active CWC thrust front during the Early Miocene (Kováč 2000) . Based on the orientation of the compression of the D 1 phases (oblique to the Pieniny Klippen Belt), we assume that subduction of the oceanic crust was oblique to the ALCAPA (Alpine-Carpathian-Pannonian) microplate edge. Inversion of the CCPB, connected with the D 2 deformational phase, is dated to the Early Miocene (?Ottnangian), because the youngest known sediments are Egerian-Eggenburgian in age (Soták et al. 2001) . The youngest known sediments of the Magura Nappe in the External Western Carpathians have the same age (e.g. . Unlike Sperner (1996) and Sperner et al. (2002) , we suppose that the D 1-3 tectonic regimes only weakly influenced the uplift of the Tatra Mountains. Compressive structures (approximately E-W trending fold axes) are also developed in the Šambron-Kamenica Zone which is connected with the Early Miocene compressional tectonic regime (Plašienka et al. 1998) . However, the results of our paleostress analysis point out that the compressional tectonic regime (D 4-5 ) with the general N-S compression is most probably younger, Middle Miocene in age.
Maximum intensity of uplift and tilting of the Tatra Mountains is dated as Middle/Late Miocene based on fission-track data from apatites (10-19 Ma - Kováč et al. 1994; 15 MaKrá 1977; Baumgart-Kotarba & Krá 2002) . The amount of the Neogene uplift of the Tatra region is not precisely known.
The neotectonics of the Tatra Mountains area (D 6 ) is very interesting for the very high amplitude of mountain uplift and remarkable features of their relief. Neotectonic evolution of the area occurred along weakness planes, inherited faults and neoformed fault structures. The Tatra Mountains were uplifted and the area of the Podhale Synclinorium relatively subsided. The uplift can be considered to be quite intensive and differentiated and the relative uplift is estimated at about 350-450 m according to correlation of Lower Pleistocene horizons (see Nemčok et al. 1993) .
Pliocene to Quaternary uplift of the Tatra Massif, especially in the north-western part, was studied by Bac-Moszaszwili (1993) . Very young normal faulting along the W-E trending faults was also observed at the Vikartovce fault (Marko et al. 2008; Vojtko et al. 2009 ) which can be correlated with the Subtatra fault system. Active tectonics and movements along the faults during the neotectonics phase in the Tatra Mts and related areas has also been documented by many other authors using various methods (e.g. Zuchiewicz 1995 Zuchiewicz , 1998 Baumgart-Kotarba 1981; Birkenmayer 1986; Baumgart-Kotarba & Ślusarczyk 2001) .
Relation to the Pieniny Klippen Belt
During the Early Miocene, the Pieniny Klippen Belt (PKB) zone was under dextral transpression with the development of positive flower structures (e.g. Ratschbacher et al. 1993; Marko et al. 2005; Plašienka & Jurewicz 2006; Pešková et al. 2009 ). The internal boundary of the PKB was affected by reverse faulting and folding (Mastella 1975; Mastella et al. 1996; Kępińska 1997; Plašienka et al. 1998) . Generally, the PKB is a subvertical narrow zone in which strike-slipping prevailed and led to the formation of the typical block-in-matrix tectonic style caused by pervasive brittle faulting (Birkenmayer 1996; Plašienka & Jurewicz 2006) . Complex, compressional through transpressional to transtensional tectonic regimes along the PKB dominated during the Middle to Late Neogene. Stresses were also relaxed by dextral strike-slips and obliqueslips along synthetic shears parallel to the WNW-ESE trending PKB. During the Late Neogene to Quaternary, the sinistral transtension along the PKB was followed by a general tension which segmented the zone by dextral and normal NNE-SSW to N-S faults (Fig. 1) .
Conclusion
The reconstruction of the paleostress field was carried out using the fault-slip, fold and vein data in the Spišská Magura and Tatra region. The computer analyses of structural measurements, as well as field geological and structural studies show a generally clockwise rotation of the paleostress field during the Neogene. One principal phase was distinguished as being Paleocene to Oligocene, four phases as Miocene and the last one as Pliocene to Quaternary in age (Fig. 7) .
The E-W oriented compression and N-S tension are recorded in the Triassic sequences of the Fatric Unit and are very poorly preserved in the sedimentary sequences of the CCPB. This oldest tectonic phase (D 1 ) is dated to the Paleocene-Oligocene and indicates a pure strike-slip tectonic regime.
Post-sedimentary deformation of the CCPB (Early Miocene) was characterized by a compressional to transpressional tectonic regime (D 2 ) which successively changed to an extensional tectonic regime (D 3 ) at the boundary between the Early and Middle Miocene (more or less Karpatian to Early Badenian stages).
The poorly preserved extensional tectonic regime of D 3 tectonic phase finished most probably in the Badenian stage and was replaced by a new compressional tectonic regime (D 4 ) with the NNW-SSE trending principal maximum stress axis (σ 1 ). The paleostress field rotated progressively clockwise from the NNW-SSE to the N-S position and the Tatra Massif was simultaneously tilted. This tectonic phase can be divided into two subphases based on the relationship between the faults and tilt rotation of the Tatra Massif. The older one (D 4a ) is a predominantly compressional less transpressional phase with the orientation of the principal maximum paleostress axis in the NNW-SSE direction. The structures of this subphase are affected by tilting. The orientation of the σ 1 of the second subphase (D 4b ) is approximately in the N-S and the measured structures are more or less in the autochthonous position. During this tectonic regime, intensive backthrusting which propagated toward the south occurred. The last transpressive tectonic regime (NE-SW oriented σ 1 ) was tenuously dated to the Pannonian stage (D 5 ).
The youngest tectonic regime (D 6 ) is characterized by an extensional tectonics which can be divided into two subphases. The first one (D 6a ) is NW-SE and the second one is ENE-SWS oriented tension (D 6b ) and is considered to be younger than the previous one based on the cross-cutting relationship of the observed faults.
